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B ACKGR O UND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to an x-ray mask for use in 
15 an x-ray lithography method and an x-ray mask blank which is jk^ 

poster 

^ jnatjerial^of the x-ray mask. 

2. Description of the Related Art: 

4he ^h*- Of 

Jxvjpt^ semiconductor industry, -as— a^technique^-^or forming an 

integrated circuit constituted of a fine pattern on a silicon 

. Using 

20 substrate or the like^a pnotolithography method for transferring 
the fine pattern by the use of a visible light and an ultraviolet 
jfc light as an exposing electromagnetic wave is well known. However, 
A a recent advance in semiconductor technique greatly promotes ✓tf 
high integration of a semiconductor device such as A VLSI,^and this. 
2 5 results in a requirement for the technique for transferring the 





A fine pattern with high accuracy beyond ^ transfer limit (a 

^ principled limit due to wavelength) of the visible light and 

the ultraviolet light £e£= t±se^^in the conventional 

photolithography method. In order to transfer such a fine pattern, 

5 A an x-ray lithography method^ using an x-ray whose wavelength is 

shorter than the wavelength of the visible light and the 

^ ultraviolet light^ is attempted. 

Fig. 1 is a cross sectional view showing a structure of an 

x-ray mask for use in the x-ray lithography. Fig. 2 is a cross 

10 sectional view showing the structure of an example of an x-ray 

mask blank as an intermediate product obtained in an intermediate 

$ ^>roee o^^^ing manufacturing the x-ray mask. 

As shown in Fig . 1 , an x-ray mask 1 comprises an x-ray 

membrane 12 for transmitting the x-ray and an x-ray absorbing 

15 film pattern 13a f ormed on the x-ray membrane 12 . The x-ray 

membrane 12 is supported by a silicon frame body 11a which is 

A formed by removing^ tho other portion so that the periphery alone 
9 A 

of the silicon substrate may remain. When this x-ray mask 1 is 
^ manufactured, the x-ray mask blank to be th a intermediate product 
20 fi is manufactured in the intermediat^ pp^oooco . This x-ray mask 
blank is further processed, so that the x-ray mask is obtained. 
In this industry, ^althou gh-; — of cours e, the x-ray mask -which is a 
f\ finished product^is to - b e dealt «rrj the x-ray mask blank^ which is 
^\ the intermediate product^ is also often - to be* independently dealt 
2 5 -£rr. 
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As shown in Fig. 2, an x-ray mask blank 2 cxxnprises the x- 
ray membrane 12 formed on a silicon substrate 11 and an x-ray 

it 

^ absorbing film 13 formed on the x-ray membrane^. 

Silicon nitride, silicon carbide, diamond or the like is 
5 £^ generally used as the x-ray membrane 12. An amorphous materia^ 
including tantalum (Ta)^ having an excellent resistance to x-ray 
j^C radiation^ is often used as the x-ray absorbing film 13 . 

. (foe Jdcam(i£~ fA 0^ 

a Toe thel process of manufacturing the x-ray mask 1 from the 

A x-ray mask blank 2, for — example', the following meLIiud lb use4? 

A A 



10 A 'That ic , — a* resist film on which a desired pattern is formed is 
arranged on the x-ray mask blank 2 shown in Fig. 2. This pattern 
is then used as a mask so as to perform a dry etching, so that 
~~ the x-ray absorbing film pattern is formed. After that, a center 

[j ^ area formed on a rear surface and to be a window area of the x- 

: 3 

- : : 

i+ 15 ray membrane 12^ is removed by a reactive ion etching (RIE) using 

iq 4-fluorocarbon (CF 4 ) as etching gas. The remaining film (12a: see 

^ Fig. 1) is then # used as the mask -so— as- to etch the silicon 

a. using 

IX substrate 11 an etching liquid constituted of a mixed liquid 

A and. 

fa of fluoric acid and nitric acid , whereby the x-ray mask 1 (see 
20 Fig. 1) is obtained. In this case, an electron beam (EB) resist 
is generally used as the resist, and the pattern is formed by 
means of an EB lithography. 

For the x-ray membrane 12, a high transmit tance to the x- 
ray, a high Youngis modulus of elasticity, a proper tensile 
25 stress, a resistance to x-ray radiation, the high transmit tance 




within a visible light range . and the like are required 

ft 

characteristics will be described below. The transmittance to the 

x-ray is required during an exposure. The higher the 

transmittance is , the shorter Jtf a time required for the exposure 

A 

5 eon be eetne. This is effective for improving throughput. The 

^ Youngis modulus of elasticity has an influence on strength of 

Pf the film and deformation of an absorber pattern. The higher the 

Youngis modulus of elasticity is, the higher the film strength 

L -becomes. This is effective for suppressing misalignment. The 

SO 

0 proper tensile stress is needed -in ordop that the film is self - 
supported. Since the x-ray membrane is irradiated with the x-ray 
^ during the exposure, it is necessary^ to cquoq -rq damage due to 
this x-ray radiation, and thus the resistance to x-ray radiation 
is required. Since an alignment of the mask attached to an x-ray 
stepper and a wafer is accomplished by the use of a light source 
y\ within the visible light range, — tho high transmittance to an 
alignment light source (the visible light) is needed in order to 
j\ achieve a highly accurate alignment. Furthermore,^^ film surface 
is required to be smooth. ^-s«Ei§^|^^iness is needed for JSl 
highly accurate pattern formation on the absorber. 

In order to satisfy these requirements, various materials 
and manufacturing methods have been studied. Since it is 
.A confirmed that the silicon carbi<l^ ^u6 es n o damage due to the x- 
ray in the silicon nitride, the silicon carbide (SiC) and the 
diamond which have been heretofore used as the x-ray membrane, it 
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may safely be said that the silicon carbide is the most promising 



^ material. However, since the SiC f ilm^f or the -geitej-cil m has a 

polycrystalline structure, ^fefee S4G — film * has the film surface 

A 

which is rougher than 6 nm ( Ra : a center- line average roughness ) 
5 A jIii p t o n rrTyntnllinp f itrur , tm n n «Fe«!\ omoothing o f the surface of 
this SiC film , an etch back method and a mechanical polishing 

a 

4V method are carried out after the film formation. cJ Ehe^ etch back 
^ method^ 4 & tho toohniquc in which the rough SiC film is coated 
^ with the resist^ and the thus obtained smooth resist surface is 



10 transferred onto SiC film by the dry etching. ^ Th^ mechanical 

$ polishing^ ±o tho roethod - aji - whie h a hard grain such as the diamond 

and alumina is used as an abrasive material so as to physically 

$ grind ««^v§[evenness on the surface of the SiC film. For example, 

ft according to Japanese Patent Publication No. 7-75219, ~fehe surface 

A 

15 roughness of 20 nm or less is obtained by the etch back and the 
A mechanical polishing. Although -^^finition of the surface 
roughness is not clear in this publication, this roughness is 
expected to be a maximum height (Rmax) and corresponds to about 2 
nm or less in terms of Ra. 
20 ^ Recently, due to the advance in the- photolithography 

ft technique, -a»* introduction of the x-ray lithography has been 
^ performed later. At present, ts fche» introduction from a generation 
of 1G bit -DRAM (design rule: 0.18 nm) is anticipated. Even if the 

x-ray lithography is introduced from 1G, the x-ray lithography is 

t 

25 -fl characterized -by^that it can be used through a plurality of ^(2^^>^(9^) 



generations up to 4G, 16G and 64G. Assuming that the x-ray 
ft lithography is used for 64G # J^pSsition precision required for 
the x-ray mask becomes severer, and fc h uo the pooition - precioior i 
is required to be as high as 10 ran. The inventor has already 
5 ^ found that, in order to suppress— fee such a position precision, it 
is effective to equalize an internal stress in an area in which a 
mask pattern is formed on the x-ray absorbing film (Japanese 
Patent Application No. 8-233402). As a result of a further study, 
™ the inventor has found that the surface roughness of the x-ray 

at 

™ 10 membrane has a sensitive influence on a stress distribution of 

f\\ the x-ray absorbing film formed on the x-ray membrane. 

ill 
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SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
15 provide an x-ray mask blank^ in which a stress distribution of an 
^ x-ray absorbing film is suppressed^ and an x-ray mask capable of a 
highly precise pattern transfer. 
^ In accordance with the * first aspect of the present 

invention, there is provided an x-ray mask blank having at 
20 least an x-ray membrane on a substrate, wherein the x-ray 
membrane has a surface condition satisfying the following 
expression ( 1 ) : 

(Ra max -Ra mi n)/(RanB X +Ra m in)^0.15 (1) 

where Ra^ax denotes a maximum value of Ra of a surface 
25 roughness (Ra: center- line average roughness) on a plurality of 
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points within a predetermined area on the x-ray membrane, and Ra^ 
denotes a minimum value of Ra of the surface roughness ( Ra : 
center-line average roughness) on a plurality of points within a 
predetermined area on the x-ray membrane. 

In accordance with -fch^* second aspect of the present 
invention, there is provided an x-ray mask blank according to the 
first aspect, wherein an average of the surface roughness (Ra: 
center- line average roughness ) -ei^ a plurality of points within a 
predetermined area on the x-ray membrane is 1.0 nm or less. 

In accordance with -fei*^ third aspect of the present 
invention, there is provided an x-ray mask blank according to the 
first or second aspect, wherein the surface of the x-ray membrane 
is a generally uniformly polished surface. 

In accordance with - 4 - he fourth aspect of the present 
invention, there is provided an x-ray mask blank according to any 
one of the first through third aspects, wherein the x-ray 
membrane comprises a silicon carbide film. 

In accordance with fifth aspect of the present 

invention , there is provided an x-ray mask having an x-ray 
absorbing film pattern on an x-ray membrane supported by a frame 
body, wherein the x-ray mask is manufactured by the use of the x- 
ray mask blank according to any one of the first through fourth 
aspects . 

The inventor has studied the surface roughness of the x-ray 
membrane and the stress distribution of the x-ray absorbing film. 
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As a result, it is found that the distribution of the surface 

£ roughness of the x-ray membrane would* jzs&s^^^e stress 

^ distribution of the absorbing f ilrn^ and thus &f pattern position 

precision is deteriorated. The condition of the distribution of 

5 the surface roughness can be represented b^the value of the left 

ft side of «fche expression (1). N ow , mi imi n j thfl^^f^ffi value of the 

^ left side of £he* expression (1) is defined as the value of the 

distribution of the surface roughness, if the value of the 

distribution of the surface roughness of the x-ray membrane 

10 exceeds 0.15 (15%), the stress distribution of the x-ray 

absorbing film is increased, which may deteriorate the pattern 

J\ position precision. tee£eg ably » the value of the distribution of 
' A 

the surface roughness of the x-ray membrane is 0.15 or less. More 
preferably, the value is 0.1 or less. 

1 5 Since it is important for the x-ray absorbing film to 

control the stress distribution within the area in which a mask 
pattern is formed , it is preferable to similarly control the 
distribution of the surface roughness of the x-ray membrane 
within the area in which the mask pattern is formed. Furthermore, 

20 the average of the surface roughness (Ra: center- line average 
roughness) on a plurality of points within a predetermined area 
f\ on the x-ray membrane is 1.0 ran or less, wfaoroby ^it is possible 
to suppress the distribution of the surface roughness of the x- 
ray membrane to some extent. 

used foeA&m 

25 .j\ A silicon substrate or the like is^lieitiiii — ose# as the 
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substrate. SiC, SiN, diamond or the like is used as the x-ray 
A maribraneT^^^ fe^c^^^ 4Gal^ # <j)i^£egab3y, SiC is used in view 

P A A 

resistance to x-ray radiation. 
^ Moreover, in order to suppre ^^"^^^M^SteR in the surface 

5 roughness of the x-ray membrane, it is effective to uniformly 
polish the substrate having the x-ray membrane. For this purpose, 
the substrate having the x-ray membrane is affixed to a substrate 
$ fixing jig, and a load to^polishing means^such as an abrasive 
clotty is applied ^^^^sutetrate fixing jig so as to polish the 
10 p( substrate*- — wheieby Hie — s ufos - fera fee — ©aft — be — Tmirormly pollsliBd. 

Preferably, a method of affixing the substrate having the x-ray 
membrane to the substrate fixing j ig is the method of affixing 
the substrate to an SUS jig through water (a water affixing 



iig througl 



such as the x-ray mask blank is prone to a deformation ^attring 



pt method) . T h a t is, the method of affixing the substrate to the 

A 

15 substrate fixing jig by the use of a wax, an adhesive tape or the 
like is not preferable, because the relatively thin substrate 

:>n^€faa? 

^ being affixed and thus *he> vaariatiar^ in polishing -±s cause^ when 
the substrate is polished. On the other hand, if the substrate is 
20 affixed to the substrate fixing jig by the use of the water 
affixing method, the deformation of the substrate can be avoided 
£ when the substrate is affixed, and thus -the* uniform polishing is 
possible. More specifically, when SiC is used as the x-ray 



^ membrane, it is preferable to applyHfee^load of about 50-400 g/cm . 
25 ^ Since SiC is -£h^hard film, it is preferable that t^^^^^Iolftd^i^ 
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used as an abrasive material. It should be noted that a method as 
described below is used in order to prevent a scratch from being 
made on the surface. That is, the surface is polished by the use 
of diamond whose average particle diameter is as relatively 

small as about 0.05-0.3 ^m or -tte^3iamond whose average particle 
diameter is larger than the former (about 0 . 3-0 . 6 \m\) , and then 
the surface is polished by the use of colloidal silica. Moreover, 
when <fehe . colloidal silica is used without the use of the diamond, 

A 

hydrogen peroxide is contained in the colloidal silica, whereby 
it is possible to obtain^fehe* surface which is flat and -is* not 
scratched. 

The x-ray mask blank of the present invention may be the 

'is fey 

one in which the fiim^ constituted -e^'an etching stop layer, an 
adhesive layer, a reflection preventing layer and a conductive 
layer -is- disposed between the x-ray membrane and the x-ray 
absorbing film. Alternatively, the x-ray mask blank may -tee* also 
jthe» one in which a mask layer , a protective layer and a 
conductive layer are disposed on the x-ray absorbing film. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross sectional view for describing a structure 

of an x-ray mask; 

Fig. 2 is a cross sectional view for describing the 

structure of an x-ray mask blank; 

Fig. 3 is an illustration of a method of manufacturing the 
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x-ray mask according to embodiments of the present invention; and 
Fig. 4 is a table generally showing a distribution value of 
a surface roughness of an x-ray membrane, an average of the 
surface roughness of the x-ray membrane , a stress distribution of 
an x-ray absorbing film and a position precision of an x-ray 
absorbing film pattern of the embodiments and a comparison 
example. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



An x-ray mask blank and an x-ray mask of embodiments ^ will 

A 

be described with reference to Fig. 3. 
[Bnbodiment 1] 

[Formation of x-ray membrane] 



Tn i-hi^ -F-it^nJ - p^o^* 1 ^ 'silicon carbide film is formed as an 



x-ray membrane 12 on both the surfaces of a silicon substrate 11. 
The silicon substrate of 4 in. § in size, of 2 mm in thickness and 
of a crystalline orientation of (100) is used as the silicon 
substrate 11. The silicon carbide film as the x-ray membrane is 
also formed to 2.1 |M in thickness by a CVD process by the use of 
dichlorosilane and acetylene. Next, the surface of the x-ray 
membrane 12 is smoothed by a mechanical polishing. The mechanical 
polishing is performed in the following manner. First, the rear 
surface of the substrate on which the x-ray membrane 12 is formed 
is affixed to a stainless (SUS) jig by a water affixing method, 
and the film surface is brought into contact with a solidifying 




A 
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polymer type soft abrasive cloth in which a diamond particle of 
an average particle diameter of 1/8 ^m (0.05-0.35 urn in diameter: 
NoJhon Engis) is dispersed. Then, a load of 200 g/cm 2 is applied 
to the jig while the jig is rotated at 60 rpm, whereby the 



surface is polished for five minutes. 

of- 

a 3"- 

A 



A surface roughness (Ra) -on^lOO points within a range of 30 
^ X 30 ran -atr^the center of the substrate on the thus obtained 



surface is measured by an atomic force microscope, and a value (a 
distribution value of the surface roughness) of the left side of 

10 -a»» expression (1) is determined from a maximum value of Ra and a 
minimum value of Ra. The .resnl tan Rvalue is 0.05, and the average 
of the surface roughness is 0.35 ran. At this time, a scratch on 
the surface is 0.2 ^m or less. 

[Formation of x-ray absorbing film] 

15 Next, as shown in Fig. 3(B), an x-ray absorbing film 13 of 

tantalum and boron is formed to 0. 5 fjm in thickness on the x-ray 
membrane 12 by a DC magnetron sputtering process. A sintered body 
containing tantalum and boron in an atomicity ratio (Ta/B) of 8 

The sputffal 

^ to 2 is used as a sputter target. «S pu£tei^ gas is Xe,— an RF power 
20 fif density is set at 6.5 W/cm 2 and^a^ sputter gas pressure is set at 
0.35 Pa. Next, this substrate is annealed at 250*0 for two hours 
^ in a nitrogen atmosphere -se — as- to ' teh or eby obtain the x-ray 
absorbing film JL3 of a low stress of 10 MPa or less- At this time, 
a stress -et^the x-ray absorbing film is measured by a highly 



12 



^ precise stress measuring unit (WS-5000: NTT Advance Technology) (XA$~t& 
within the same range as the above -described range in which the 
surface roughness of the x-ray membrane is measured. As a result, 

the stress is 0±4 MPa. 
5 [Formation of etching mask layer] 

Next, as shown in Fig. 3(C), a chromium film containing 
chromium carbide is formed as an etching mask layer 14 on the x- 
ray absorbing film 13 by an RF magnetron sputtering process so 

IS 

that it m ay be 0.05 (nm in thickness. Cr is used as the sputter 

, A w& , 

10 -yd target, the sputter gas^is — tttS gas on wrrtcfe 7% of methane 



mixed into Ar, the RF power density is set at 6.5 W/cm and the 

An 

$ sputter gas pressure is set at 1.2 Pa, thereby obtain ing — t iie ' 

having ck A is^ht* obtained 

/t- etching mask layer je^^^ther low stress of 100 MPa or less. 

Z tf*- "Sal A 

ft product obtained in this step is also^-eteaife as one type 

/* A 

15 of the x-ray mask blank. 

[Formation of x-ray absorbing film pattern and Formation of 
frame body] 

A resist film on which a desired pattern is formed is 
arranged on an x-ray mask blank 2. This pattern is used as the 
20 mask so as to perform a dry etching, whereby the x-ray absorbing 
^ film pattern is formed. Then, a center area^ formed on the rear 
-/4* surface and to be a window area of the x-ray membrane 12 is 

removed by a reactive ion etching (RIE) b ^tho us e— T?f CF 4 as t/*<> 

A V*- 

m etching gas. remaining film 12a is then used as the mask so as 
25j^ to etch the silicon substrate 11 an etching liquid eeno - titute d 
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of a mixed liquid of fluoric acid and nitric acid, whereby an x- 
flt ray silicon frame body 11a is formed^ and the x-ray mask is thus 
obtained. In this case, an electron beam (EB) resist is generally 
used as the resist, and the pattern is formed by means of an EB 
5 lithography. 

A misalignment of the x-ray absorbing film pattern (an 
actual shift of the pattern with respect to a design pattern) of 
the x-ray mask manufactured by this embodiment is evaluated by a 
rX coordinate measuring device. As a result, ^position precision is 
10 n 18 ran sufficient . 

[Embodiment 2] 

[Formation of x-ray membrane] 
f3f leu- the— f ij?o t ■ placo^ the 7 silicon carbide film is formed as 

Ar the x-ray membrane 12 on both tho surfaces of the silicon 

A 

15 rr substrate 11. -Ehe. silicon substrate of 4 in. (J> in size, of 2 rrm 
in thickness and of the crystalline orientation of (100) is used 
as the silicon substrate 11. The silicon carbide film as the x- 
ray membrane is also formed to 2.1 \m in thickness by the CVD 
process by the use of dichlorosilane and acetylene. Next, the 

20 surface of the x-ray membrane 12 is smoothed by the mechanical 
polishing. The mechanical polishing is performed in the following 
manner. First, the rear surface of the substrate on which the x- 
ray membrane 12 is formed is affixed to the stainless (SUS) jig, 
and the film surface is brought into contact with the solidifying 

25 polymer type soft abrasive cloth in which^ the-* diaiTOnn^ partio ^e» of 
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a OA 

r* -the average particle diameter of 1/A\m (0.1-0.6 \aa. in diameter: 

A a 

A Nilion Engis) is dispersed. Then, -the* load of 200 g/on 2 is applied 
to the jig while the jig is rotated at 60 rpnu- whereby — the 
fir surface is polished for five minutes, so that^ Uie smfduj t& tho— > 
5 surface roughness of 1 nm or less ±n- term s — e£ Ra is obtained. 
ft However, -fefee^ scratch of 0.2 nm or more is on the surface of the 
yf* thus obtained film. Therefore, -moreover^ the rear surface of the 
substrate is fixed to the SUS jig, and the substrate is brought 
into contact with a suede type ( nonwoven fabric type ) abrasive 

10 cloth in which colloidal silica (its particle diameter: 60-80 nm) 
A °^ 2 

f\ is dispersed- Then, fefee^load of 180 g/cm is applied to the jig 

.The 

f\ while the jig is rotated at 60 rpm. — whereby -tha^ surface is 
polished for five minutes, so that the scratch is reduced to 

The 

ft 0.2 nm or less on the surface. -Wfeen — fehe^ distribution of the 
15 surface roughness of the thus obtained x-ray membrane is 

* M .The, 

fX determined in the same manner as^^fehe^ first embodiment, the 



distribution is 0.08 and the average of the surface roughness is 

us 



^ 0.70 nm. The thus obtained product is also^e ^t -* as one type of 
fit -the* x-ray mask blank. 
20 [Formation of x-ray absorbing film] 

Next, as shown in Fig. 3(B), the x-ray absorbing film 13 of 

tantalum and boron is formed to O.Snm in thickness on the x-ray 
membrane 12 by the DC magnetron sputtering process. The sintered 
body containing tantalum and boron in the atomicity ratio (Ta/B) 
25 of 8 to 2 is used as the sputter target. The sputter gas is Xe, 
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the RF power density is set at 6.5 W/cm 2 ^ and the sputter gas 
pressure is set at 0.35 Pa. Next, this substrate is annealed at 
250*0 for* two hours in the nitrogen atmosphere so as to thereby 

obtain the x-ray absorbing film 13 of the^low stress of 10 MPa or 
less. When the * stress distribution on the surface of this film is 

A and- has a- 

determined in the same manner as described above ,^ -the * stress 
distribution 0 ± 5 MPa. The product obtained in this step is 

Used 

also •dcolt^as one type of *fehe x-ray mask blank. 
[Formation of etching mask layer] 

Next, as shown in Fig. 3(C), the chromium film containing 
chromium carbide is formed as the etching mask layer 14 on the x- 
ray absorbing film 13 by <&*g^ RF magnetron sputtering process so 
that it may be 0.05 ^m in thickness. Cr is used as the sputter 

has . 

target , the sputter gas^ is — the — yas in whiofa 7% «e#» methane 
mixed into Ar, the RF power density is set at 6.5 W/cxn^ and the 
sputter gas pressure is set at 1.2 Pa, thereby obtaining the 
etching mask layer of the low stress of 100 MPa or less. The 
product obtained in this step is also dealt as one type of the x- 
ray mask blank. 

[Formation of x-ray absorbing film pattern and Formation of 
frame body] 

The resist film on which a desired pattern is formed is 
arranged on the x-ray mask blank 2. This pattern is used as the 
mask so as to perform the dry etching, whereby the x-ray 
absorbing film pattern is formed. Then, the center area formed on 
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A the rear surface jQftd— to be the window area of the x-ray membrane 

, Usinq 

/r 12^ is removed by -fehe> reactive ion etching (RIE^ toy fe use of 4- 
carbonfluoride (CF 4 ) as the etching gas . The remaining film 12a 
$ is then used as the mask se— asr to etch the silicon substrate 11 
5 /\ -teethe etching liquid constituted of the mixed liquid of fluoric 
acid and nitric acid, whereby the x-ray silicon frame body 11a is 
yi formed* and the x-ray mask is thus obtained (see Fig. 3(D)). In 

an 

this case, ^he^ electron beam (EB) resist is generally used as the 
y\ resist, and the pattern is formed by means of *fee EB lithography. 
10 The misalignment of the x-ray absorbing film pattern of the 

/\T x-ray mask manufactured by this embodimen^S^ evaluated by the 
$ coordinate measuring device. As a result, the position precision LUC2§ 
4. 15 >. Jtfilfi&SU. 
[Embodiment 3] 

15 This embodiment is the same as the first and second 

embodiments except that the following mechanochemical polishing 
is performed as the step of polishing the silicon carbide film 
which is the x-ray membrane 12 in the step of forming the x-ray 
membrane 12 in the first and second embodiments. 

20 The mechanochemical polishing of this embodiment is carried 

Tha 

£f out in the following manner. T hat is 1 ; — tfre^ substrate is brought 
-ft into contact with -feke^solidi fying polymer type abrasive cloth in 
ft which -fcfre* colloidal silica (its particle diameter: 60-80 ran) is 
dispersed, and then - the - load of 180 g/cm is applied to the 

A .me 

25 substrate whUe the substrate is rotated at 60 rpm^-whea?eby=~tnB 

A 
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surface is polished for ten minutes. At this time, 30% of H2Q2 is 

A OndL^ht <4he 

ff added into colloidal slurry , « wh ereb y pH of* solvent medium is 

A changed into^weak alkali (8.5). In such a manner, a catalytic 

/j action gets active, and thus j& polishing speed can be increase^ 

5 f\ and the surface - can - be smoothed. 

In this embodiment, after the polishing of the x-ray 

membrane is completed, the distribution of the surface roughness 

of the x-ray membrane is determined in the same manner as the 

first embodiment. As a result, the distribution is 0.12, and the 

10 average of the surface roughness is 0.85 nm. 

After forming the x-ray absorbing film, the stress 

distribution of the x-ray absorbing film is determined in the 

/{ same manner as the first embodiment. «Ag n mniil?** •Jhe^-s'feresL ^^^^ 

A 

distribution is 0±6 MPa. 

15 Furthermore, the misalignment of the x-ray absorbing film 

pattern of the x-ray mask manufactured by this embodiment is 

^ evaluated by the coordinate measuring device. Ao a rcstrirb? the 

4 position precision is 20 nm -a»€^sa£xsfies the required position 

A 

precision . 

20 [Comparison example] 

yj^ This cxxnparison example is the same as the first embodiment^ 

except the method of fixing the rear surface of the substrate on 
which the x-ray membrane 12 is formed to the stainless (SUS) jig 
in the step of polishing the x-ray membrane 12 in the above - 

25 f\ mentioned first embcKliment . T hat io; first embodiment 





(the water affixing method is used in the first embodiment) , the 
rear surface is fixed by the use of a wax in the comparison 
example. 

In this comparison example, after the polishing of the x- 
ray membrane is completed, the distribution of the surface 
roughness of the x-ray membrane is determined in the same manner 
as the first embodiment . An n rf^it-ilt^ the distribution is 0.25, 
and the average of the surface roughness is 0.43 nm. 

After forming the x-ray absorbing film, the stress 
distribution of the x-ray absorbing film is determined in the 



same manner as the first embodiment . -As — a TY"m14i» a the — steess. 

A 

distribution is 0±15 MPa. 

Furthermore, the misalignment of the x-ray absorbing film 
pattern of the x-ray mask manufactured by this embodiment is 



position precision is 35 nm -afteh^ cannot satisfy the required 
position precision. 

Fig. 4 is a table generally showing the distribution value 
of the surface roughness of the x-ray membrane, the average of 
the surface roughness of the x-ray membrane, the stress 
distribution of the x-ray absorbing film and the position 
precision of the x-ray absorbing film pattern of the above 
embodiments and the comparison example. Although a compound 

of Ta and B (Ta/B=8/2) is used as the x-ray absorbing film in the 
above-mentioned embodiments, this may be replaced by a metal Ta, 
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/\ an amorphous material containing Ta and tantalum boride^ having a 
extraposition other than Ta4B, for example. 

Additionally, a structure of the x-ray mask blank is not 
only the structure of the embodiments but also the so-called 
5 membraned structure in which the x-ray membrane is formed on the 
substrate and the center is then removed from the rear surface of 
the substrate, so as to form the frame body whereby the x-ray 
/f membrane is laminated on this frame body. Tftiat is ^it may -safely 
be said that all the intermediate products in the step of 

Diodes 

10 J\ manufacturing the x-ray mask are «fehe» x-ray mask^ blank r? 

Furthermore, an adhesive layer, a reflection preventing 
film or the like may be disposed between the x-ray membrane and 
the x-ray absorbing film. In this case, after forming these films, 
a defect is checked on the surface thereof. 
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